Abstract: Perhaps the best way to demonstrate the gained improvements in seismic performance of buildings, integrated with IDRIZI infill walls, is to analyse typical building structures subjected to real case earthquake scenarios. This paper presents obtained analytical results for a characteristic 2D frame structure which (besides the self-weight, superimposed dead loads and live loads) is subjected to real earthquake ground motions. This study case treats three story planar RC (reinforced concrete) frame opened on the ground story while its upper stories are infilled with classical masonry walls. The purpose of this study case is to demonstrate "quantitatively" the seismic performance of this frame structure and, more importantly, to estimate the level of seismic response improvements of the frame when at its ground story is utilized IDRIZI infill wall with door opening. The seismic action considered for this study case is a representation of the 1979 Tivari earthquake, Montenegro. Ultimately, this study demonstrates the remarkable benefits the structure gains (in terms of seismic performance and safety) by the use of IDRIZI wall system as a constitutive part of the 2D frame structure.
Introduction
In order to visualize the improvements that IDRIZI wall system facilitates to building structures, a typical four story planar RC (reinforced concrete) frame has been selected for this study case. In respect to this 2D (planar) frame, two variations of an analytical model are generated (Fig. 1 ) by using state-of-the-art computer program SAP2000, which is based on the FEM (finite element modeling) method of analysis. Literatures closely related with the proper use of this commercial application are listed in Refs. [1] [2] .
The first variation of the frame model (Model 1 in Fig. 1 -left) represents a classical frame system, specified with certain geometrical and material properties as well as certain boundary conditions and load assignments. The upper stories of this planar RC frame are infilled with classical type of masonry wall, while the ground story is kept "bare" (without a masonry infill wall).
The clear span between the frame columns is adopted 3.50 m and the total height of each story is adopted 2.90 m. Starting from the 1st story to the top, classical types of full panel walls are infilled within the frames of both analytical Models 1 and 2.
The second variation of the frame model (Model 2 in Fig. 1-right) is an exact replica of the first model, with the only exception that on the ground story level is added an IDRIZI infill wall system ( Fig. 1-right) .
General Modeling Considerations
Both mathematical models, representative to the four story planar frame in Fig. 1 , are subjected to extreme earthquake actions. Under these situations, both mathematical models are expected to be subjected to deep nonlinear response.
Consequently, in order to adequately describe this nonlinear behavior on both models, it is of crucial importance to take proper considerations to nonlinear modeling aspects of both mathematical models.
The geometrical parameters that determine the nonlinear response of mathematical Models 1 and 2, are presented in Fig. 2 , where are given the cross-section geometry of columns and beams of both models and the reinforcement content of both columns and beams. Additionally, Model 2, in Fig. 2 -right, shows the analytical representation of the IDRIZI infill wall system as a constitutive unit of the entire frame system. Its contribution to the seismic resistance of the frame structure is described through its hysteretic force-deformation behavior. This pattern of hysteretic behavior of IDRIZI devices has been experimentally demonstrated elsewhere.
Before discussion of structural analysis performed on both frame models, one last parameter that must be discussed is the time history function of seismic actions.
Nonlinear analysis performed over Models 1 and 2 of the planar frame model, consider the Tivari earthquake seismic inputs, scaled to three variation of PGA (peak ground acceleration) levels, namely 0.30g, 0.45g and 0.60g. This study has been done for both numerical Models 1 and 2, and the obtained analysis results are presented in the following section.
Analysis Results
In the next figures are presented the characteristic results obtained from nonlinear dynamic time-history analysis which describe the seismic response of both Models 1 and 2. The red dot, labeled Number 1 in Fig. 3 -left, represents the characteristic node of ground level for which are generated time-history displacement results under three different PGA scaling of earthquake time-history records, respectively, 100%, 150% and 200% (Fig. 4) .
Similarly, in Fig. 4 are shown displacement time 
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history results for the blue dot ( Fig. 3-left) , labeled Number 2, which represents the characteristic node of the 1st story level.
In respect to Figs. 3 and 4 can be outlined the following observations.
Three envelope lines are shown in each graph of Fig. 3 , denoting the extreme response of the Frame Model 1, in terms of lateral drifts and accelerations, generated from three levels of PGA scaling of the Montenegro earthquake 1979, respectively for seismic actions with PGA values of 0.30g, 0.45g and 0.6g. In respect to these graphs can be observed that on the 1st story of Frame Model 1, the peak lateral drift is 15 mm for scaled PGA of 0.30g, 40 mm for scaled PGA of 0.45g, and finally for scaled PGA of 0.60g the frame loses stability.
Another important observation from Fig. 3 that should be outlined is the localized nonlinear behavior of the planar frame on the ground story, while all of its upper stories remain practically rigid with no inter-story drift. This rigid behavior of the planar frame is forced through assignment of rigid constraints to all its upper story analytical nodes. Due to this rigidity feature, there is also no amplification of ground accelerations evidenced along the upper frame stories (Fig. 3-right) .
This idealization of the frame models with rigid nodes is done because of two reasons. First, this is done from the practical stand-point in consideration to the abundant presence of masonry infill walls on upper stories of the frame, which makes these stories significantly more rigid than the ground story. And second, because of simplifications on analysis and design which facilitate a clearer depiction of the main characteristics of the frame dynamic response.
Once Frame Model 1 is subjected to earthquake excitations, the frame structure is not fully restored to its initial position due to inelastic lateral deformations. This "deviation" from the "balanced" position is evidenced for all of three scaled levels, namely 100%, 150% and 200%, of time-history records representative to Montenegro earthquake accelerations.
According to Fig. 4 , the nonlinear deformations occur close to the 10th second of seismic accelerations time-history, when the PGA is manifested (Fig. 5) .
Nonlinear deformation is more notably expressed for higher scaling factors of the seismic acceleration time-history. Thus, for 100% scale of earthquake acceleration, Node 2 of the first story level of the frame is shifted out of the balance position to about 4 mm. For 150% scale, Node 2 oscillates to about 30 mm out of the initial balanced line. Finally, for 200% scale of earthquake accelerations, the frame is subjected to a complete failure/collapse.
Figs. 5 and 6 demonstrate the analysis results for Frame Model 2, obtained under nonlinear direct integration time-history analysis. Like Frame Model 1, the nonlinear response of the Frame Model 2 is concentrated only on the ground story (Fig. 5) .
The improvements on the seismic response of Frame Model 2, due to utilization of IDRIZI wall system on the ground story of the frame, are clearly shown in Fig. 6 . This figure presents three graphs which comparatively demonstrate the reductions of peak lateral story drifts of Frame Model 2, in respect to Frame Model 1.
Graph on the left of Fig. 6 shows the peak story drifts of both Models 1 and 2, under 100% scaling of Montenegro earthquake (PGA = 0.45g). According to this graph, the lateral displacement at Story 1 of Model 1 is about 15 mm. This value for Model 2 is reduced down to 8 mm only, which is twice smaller than that for Model 1.
Graph on the middle of Fig. 6 shows the peak story drifts of both Models 1 and 2, under 150% scaling of Montenegro earthquake (PGA = 0.45g). According to this graph, the lateral displacement at Story 1 of Model 1 is about 40 mm. This value for Model 2 is reduced down to 12 mm only, which is closely to four times smaller than that for Model 1.
And finally, graph on the right of Fig. 6 shows the peak story drifts of both Models 1 and 2, subjected to 200% scaling of Montenegro earthquake (PGA = 0.45g). While Model 1 under this seismic intensity level completely loses its stability, the lateral displacement at Story 1 of Model 2 is 20 mm.
All graphs in Fig. 6 showed a significant reduction of lateral story drifts of Model 2 in respect to Model 1. This improvement feature is further more drastic for the case when the time-history function of Montenegro earthquake is scaled up to 200% with PGA value of 0.60g (right graph of Fig. 6 ), for which case Frame Model 1 loses structural stability while Frame Model 2 is kept stable with peak lateral story drift of 20 mm.
This remarkable improvement on the seismic performance of Frame Model 2, over Frame Model 1, is due to the utilization of IDRIZI infill wall system on the ground story of Frame Model 2.
A better view on the dynamic response of Frame Model 2, subjected to various seismic acceleration scales, may be obtained by referring to Figs. 7-9 . Fig. 7 shows the dynamic displacement response over time of Model 2 subjected to three different seismic acceleration scales. From this figure is observed a significantly more stable response in comparison to the dynamic response of Model 1 shown in Fig. 4 . Even for 200% scaled increase of seismic acceleration records, the dynamic response of Frame Model 2 is only slightly shifted from its balance line (Fig. 7) . For this same loading scenario, Fig. 4 shows that Frame Model 1 completely loses its stability around the 10th second of seismic acceleration time-history. This comparison proves once more that the utilization of IDRIZI infill wall system, as an integral part of the frame system, greatly stabilizes the frame structure.
However, there is more to the IDRIZI wall system than just imposing an added level of strength and stiffness to the frame structure. Actually, its ability to attain large lateral drifts (through friction sliding mechanism of IDRIZI devices) without compromising the structural integrity of its supportive masonry wall panel, is what makes the IDRIZI infill wall system so unique and effective in significantly improving the seismic performance of structures.
Investigations done on the dynamic nonlinear response of the ground story level of Frame Model 2, better explains the contribution of the IDRIZI wall system on the seismic response improvement of the planar frame.
In Fig. 8 is presented the hysteretic nonlinear behavior of the IDRIZI seismic element for three different scales of Montenegro earthquake time-history accelerations. Considering that the area of force-deformation hysteresis of an element is proportional to its energy dissipation amounts, it is proved that for higher seismic energy input in the frame structure, the IDRIZI wall system shows higher lateral drifts and consequently higher amounts of seismic energy dissipation.
Energy based results, derived from nonlinear modal time-history analysis, are demonstrated in Fig. 9 . Specifically, the graphs of this figure present graphical curves which denote the accumulation of seismic energy input, dissipation of seismic energy through dynamic response of the frame system and, more importantly, the dissipation of seismic energy through hysteretic behavior of the IDRIZI wall system, during seismic excitations simulating the Montenegro earthquake of 1979. There are three generated graphs, one for each scaled case of the Montenegro 1979 earthquake.
In black color is shown the cumulative seismic input energy as a function of time of earthquake duration. The most important thing to be observed in Fig. 9 is the seismic energy dissipated by the seismic element, shown in blue color, which best demonstrates the efficiency of the IDRIZI wall system for dissipation of the seismic energy input.
In respect to Fig. 9 , the amount of energy dissipation by the hysteretic behavior of seismic elements is ranging between 70%-80% in relation to the seismic input energy. The other portion of earthquake energy (20%-30%) is transmitted to the 
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frame system and it is dissipated through modal structural damping (green color curves) and to very small percentages through potential and kinetic energy of the frame structure (red color curves).
Conclusions
It can be finally concluded that the utilization of the IDRIZI wall system on a four story planar frame, imposes "drastic" improvements on the seismic performance even under strong earthquakes with PGA intensity of 0.60g.
Specifically, utilization of IDRIZI wall, as an integral part of the four story planar frame, dissipates about 70%-80% of seismic input energy. This enormous amount of earthquake energy is dissipated locally at IDRIZI seismic devices, by their friction braking/sliding mechanisms, while the masonry infill wall panels that support the IDRIZI devices remain fully safe from any damages.
